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It would be as difficult as it is uncalled for, in these 
times of educational enlightenment, to advance new ar- 
guments to prove that scientific studies ought to occupy 
an important place in a systematic, liberal education, and 
that they both directly and indirectly subserve certain 
important ends. I use the word * scientific * here in its 
popular and more limited sense, with reference to the 
sciences of nature. But the attention of educators is often 
recalled to this truth by the recurring needs of society, 
and to students of nature it is always an interesting sub- 
ject. The remarks I have to offer will perhaps suggest 
thought and lead to the expression of different views. 

The place assigned to scientific studies, in education, 
not only affects the intellectual welfare of man, but has 
also to do indirectly with his moral well-being, and thus 
with the whole end and nature of man himself. For the 
kind and amount of intellectual culture, which men need, 
depend primarily upon the object of all intellectual 
culture, and that depends upon the object of man's 
existence ; but in order to understand the object of man's 
existence we must have a true conception of the nature 
of man, and of the world of being and of matter to 
which he is related. Going back, therefore, to this funda- 
mental question, we may say briefly, without considering 
the question of man's origin, that he has a threefold ^na- 
ture : a physical, an intellectual and a moral nature. 
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Physically, man stands at the summit of the physical 
world. While in the inorganic kingdom we find matter 
subject to the operation of mere chemical and physical 
force, in the vegetable kingdom we find this matter or- 
ganized through the agency of the same chemical and 
physical forces acting, however, in obedience to a higher 
force, which we call vegetable life. Again, in the animal 
kingdom we find the vegetable matter thus produced 
formed into animal organisms by the operation of a 
similar, but still higher force, which we call animal life. 
What beyond this is the exact relation of these forces to 
each other it would be aside from my present purpose to 
consider. At the head of this great system of life with 
its various and multitudinous ramifications in time and 
space, its wonderful analogies and homologies, its possible 
genetic relations and foreshadowing instincts, is man. 
The human body is the most perfect of animal organisms, 
whether we regard it as a piece of mechanical or biologi- 
cal mechanism, or consider it in its adaptation to man's 
intellectual necessities, or, looking upon it aesthetically, 
consider the proportion of its parts and features. The 
efficiency of this body may not only be maintained by 
obedience to the laws which govern it, but it may be in- 
creased, to a certain extent, by physical culture. The 
prolonged life of the late Mr. Bryant is an example of the 
good results of careful living, and we need not go as far 
back as Grecian history to learn what gymnastics will do 
for physical development. Vital force having expended 
itself, the human body returns to the kingdom of inor- 
ganic matter, from which its substance was originally de- 
rived, but the rational soul, which it mysteriously en- 
shrined, somehow survives, for *4t is appointed unto men 
once to die, but after this the judgment." (Heb. 9: 27.) 

In considering the intellectual and moral natures, I will 
treat them merely as different faculties, unequal in order 
but intimately associated and interdependent. It is aside 
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from my purpose to consider here their exact relation to 
the body. 

It is superfluous to say that the intellect is capable of 
immense development. Perception, imagination, mem- 
ory and judgment may by discipline and use become 
highly efficient instruments for the acquisition and com- 
munication of knowledge. Intellectual culture added to 
great native intellectual power gave to the world Homer, 
Plato, Shakspeare, Bacon, Newton, Goethe, Hegel and 
Humboldt. The human intellect may explore the depths of 
mathematical truth, or may endeavor to grasp the outline 
and laws of the material cosmos, or turn its attention to the 
organic creation and study the complex forces and laws 
of life. It may enter the realm of mind and occupy itself 
with ideas and their infinite relations, or study the spirit 
of man as revealed in history, literature and art, or it may 
ascend still higher to the sphere of moral truth, analyze 
the moral nature of man, study the moral government of 
God, and even contemplate the divine character itself. 
Not only is the mind capable of engaging in these exalted 
pursuits, but in the field of action it may play an impor- 
tant part in shaping the destinies of men and of nations, 
and may subdue the forces of nature to their service. 
Moreover, the mind can render every shade and combina- 
tion of thought into fitting and beautiful language for the 
purpose of intercourse or for the perpetuation of truth. 

But the chief glory of man is his moral nature. This 
moral nature is susceptible of great culture, for man may 
become godlike in character. TJius we see the fanatical 
young Hebrew, who consented to the murder of Stephen, 
transformed into the author of the chapter on Christian 
love, and affording the world in his own life one of the 
noblest examples of its matchless precepts. 

Therefore each one of man's three natures is met by 
great possibilities ; possibilities of retrograde or progres- 
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sive development. We may debase our bodies, stunt 
our intellects, and grow morally ungodlike ; or we may by 
physical culture retain and increase the efficiency of our 
bodies, by intellectual culture develop and store our 
minds, and by a Christian life fit ourselves to enter upon 
a spiritual existence. 

Mark Hopkins, in a recent address, beautifully sets forth 
the physical and moral nature of man and his relation to 
the physical world. He says : " Is there, then, no one 
end of nature as a whole that we can discover? I think 
there is, and that end I suppose to be the production of a 
man built up to the point where he takes possession of 
himself. That this is the end of nature as a whole, seems 
as plain to me as it is that the end of the plant is the 
production of fruit, and that the unity of the process of 
nature is found in relation to this, as that the unity of the 
process within the plant is to be found in nature's relation 
to that. What do you find ? First, that this great mass 
of inorganic matter is combined and moved with a looking 
forward to a preparation for life. But for the life which 
it sustains, the earth would have no value whatever^ 
Then comes the lowest form of life. It strikes roots 
down into the mass of matter, and comes up by the over- 
flowing power of its forces. Marvelous are the forms of 
vegetable life, but they have no value whatever except as 
they bear relation to a life higher than themselves. Then 
comes another story, that of conscious sensitive life. Man 
is to nature as a whole what nature is to the plant. Now, 
how he reaches that is the problem of modern time. We 
suppose he reaches it by a process of up-building, in 
which new elements are added as they are needed. His 
moral nature is the highest. That requires love supreme 
to God and impartial love to man. Therefore as man is 
the crown of nature, so his moral perfection is the crown 
of man. Thus we have the perfect unity of man and 
nature." 
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We have been considering the nature of man ; let us 
now look at the world in which man is placed and to 
which he is so intimately related. This world is composed 
of three elements : matter, inorganic and organic, mind 
and character. Man is in the midst of a vast material 
and organic universe which is governed by forces acting 
in obedience to divine law. He is surrounded by personal 
intelligences and characters which constitute the intel- 
lectual and moral world. The introduction of the element 
of a freewill into a world of law results in great diversity, 
as well as in great possibilities of good and evil. The 
aggregation of these physical, rational and moral natures 
constitutes the complex fabric of human society with all 
its numerous relations and obligations, and its social 
possibilities. Beyond all this, man is morally accountable 
to a Being of infinite excellencies and powers. Such 
then, in brief, is the nature of man and the constitution 
of the world in which he exists. 

Now the object of his existence evidently depends upon 
the nature of man himself, as well as upon the constitution 
of the world. Body, mind and soul call for development. 
Nature, man and God claim his attention. It is also 
evident that any view of life, which leaves out any of these 
subjective or objective elements, is defective and wil^ 
produce bad results. For instance, let physical culture 
be pursued and intellectual and moral culture neglected, 
we would have as a result only gymnasts, pedestrians, 
boating men, etc. Let intellectual culture be pursued at 
the expense of physical and moral culture, and the result 
would be mere intellectuality with physical weakness on 
one side and moral insensibility on the other. Or let the 
moral element be cultivated, and the physical and intel- 
lectual neglected, and the result would be such as to 
defeat the very ends of morality. On the other hand, is 
nature made all ; we have as a result materialism in its 
grosser or more intellectual forms. Is man made all ; we 
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have a philanthropy which works blindly, understanding 
neither the physical constitution of man nor the laws of 
his spiritual nature. Is God made all ; then we have as a 
consequence all the evils of asceticism and monasticism. 
It is also evident that, while the neglect of any one of 
these elements will produce disastrous results, they cannot 
receive our attention in equal measure without bad results, 
but they must be pursued in the order of their relative 
importance. 

First, that which makes for the moral nature. 

Second, that which makes for the intellectual nature. 

Third, that which makes for the physical nature. 

And again objectively: first, God, — then man, — then 
nature. This rule will alone produce symmetrical and 
efficient men. 

We now come to the question of intellectual culture in 
general. From what has been said we conclude that a 
right view of intellectual culture must assign it a place 
between moral and religious culture on the one hand, and 
physical culture on the other. Intellectual culturerightly 
understood presupposes then a Christian character and 
Christian aims in life, and should be accompanied with a 
due amount of physical culture. 

Such being the relative position of intellectual culture, 
what are its ends and its means ? As the end of life is to 
produce a symmetrical and efficient manhood, so the end 
of intellectual culture is to produce a symmetrically 
developed and efficient intellect. We took a hasty glance 
at the great avenues of intellectual endeavor ; but a broad 
view of the constitution of the world will also enable us 
to determine the best means of intellectual culture. 

Is nature all ? Then we must devote ourselves exclu- 
sively to mathematics and the sciences of nature. 
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Is man all? Then we must turn to metaphysics, 
linguistics, literature, art and history. 

Is God all ? Then to moral philosophy and theology. 

Evidently these must all be pursued, each in its measure. 
In order, therefore, to secure a truly liberal education 
every faculty of the mind ought to be developed, and 
every great department of knowledge ought to receive 
its share of attention. 

The question as to the relative educational value of 
humanistic and scientific studies is wisely and well stated 
by Matthew Arnold in his work on **The Higher Schools 
and Universities in Germany,'* the last edition of which 
was published in 1874. He says: ** The modern spirit 
tends to reach a new conception of the aim and office of 
instruction ; when this conception is fully reached it will 
put an end to conflict, and will probably show both the 
humanists and the realists to have been right in their 
main ideas.*' . . ** The prime, direct aim of instruction is 
to enable a man to know himself and the world. Such 
knowledge is the only sure basis for action, and this basis 
it is the true aim and office of instruction to supply. To 
know himself, a man must know the capabilities and per- 
formances of the human spirit ; and the value of the 
humanities, of Alterthums-Wissenschaft, the science of 
antiquity, is, that it affords for this purpose an unsur- 
passed source of light and stimulus. Whoever seeks help 
for knowing himself from knowing the capabilities and 
performances of the human spirit, will nowhere find a 
more fruitful object of study, than in the achievements of 
Greece in literature and the arts during the two centuries 
from the birth of Simonides to the death of Plato. And 
these two centuries are but the flowering point of a long 
period, during the whole of which the ancient world 
offers, to the student of the capabilities and performances 
of the human spirit, lessons of capital importance. This 
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the humanists have perceived, and the truth of this per- 
ception of theirs is the stronghold of their position. It 
is a vital and formative knowledge to know the most 
powerful manifestations of the human spirit's activity, for 
the knowledge of them greatly feeds and quickens our 
own activity ; and they are very imperfectly known with- 
out knowing ancient Greece and Rome. But it is also a 
vital and formative knowledge to know the world, the 
laws which govern nature and man as a part of nature. 
This, the reaKsts have perceived, and the truth of this 
perception, too, is inexpugnable. Every man is born 
with aptitudes, which give him access to vital and forma- 
tive knowledge by one of these roads ; either by the road 
of studying man and his works, or by studying nature 
and her works. The business of instruction is to seize 
and develop these aptitudes. The great and complete 
spirits, which have all the aptitudes for both roads of 
knowledge, are rare. But much might be done on both 
roads by the same mind, if instruction clearly grasped the 
idea of the entire system of aptitudes for which it has to 
provide ; of their correlation^ and of their equipollencyy so 
to speak, as all leading, if rightly employed, to vital knowl- 
edge ; and if then having grasped this idea, it provided for 
them. The Greek spirit, after its splendid hour of crea- 
tive activity was gone, gave our race another precious 
lesson by exhibiting in the career of men like Aristotle 
and the great students of Alexandria, this idea of the 
correlation and equal dignity of the most different depart^ 
ments of human knowledge, and by showing the possibility 
of uniting them in a single mind's education^ "As our 
public instruction gets a clearer view of its own 
function, of the relations of the human spirit to 
knowledge, and of the entire circle of knowledge, it will 
certainly more learn to awaken in its pupils, an interest in 
that entire circle and less allow them to remain total 
strangers to any part of it'' 

Edward L. Pierce, in his Memoir of Charles Sumner, 



Their Place and Use in Education, ii 

relates an interesting incident which is not inappropriate 
in this connection. He says : "He excelled in transla- 
tions, and entered into the spirit of the authors so sympa- 
thetically that their best passages became fixed in his 
memory, and were ever after available for use/' . . " In 
history and belles-lettres he was also among the fore- 
most/' . . ** But while succeeding in these branches, he 
entirely failed in mathematics. He had no faculty for 
the science, and he became disheartened and disgusted 
with the study." Further on, in relating the events of 
Sumner's first post-graduate year, the author says : "At 
this time he set himself to a study always disagreeable to 
those who like him have for it no natural aptitude. 
Mathematics, to which, as already stated, he gave very 
little attention in colle^^e, he now felt to be a necessary 
part of a complete education, and determined to over- 
come his deficiencies in the neglected science. He at 
once entered with zeal on the study of geometry, and 
found it less difficult than before." 

The importance of not pursuing the study of the 
sciences to the neglect of that of the humanities, is well 
shown by the following extract from a letter written a 
few days ago by a member of the faculty of one of our 
older eastern " Universities." The writer says : ** We 
graduate two sets of boys (or "men") every year, and one set 
has been trained chiefly by the study of science, the other 
chiefly by that of literature. There is no disparity in 
the natural capacity of the two sets ; and certainly none 
in the capacity and fidelity of their teachers. But we find 
that the graduates in arts have been coming steadily up 
to the level of their teachers as cultivated, thoughtful 
men, capable of taking large views of life. On the other 
hand, we feel that a great gulf lies belween the scientific 
graduates and their professors even of purely scientific 
branches. All of these latter are men of clasiSical culture, 
and there is not one of them who will allow that sort of 
education to be disparaged in their presence/' 
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But humanistic and scientific studies, alone, do not 
constitute the whole circle of knowledge. They have to 
do with nature and the physical and intellectual side of 
man. They would have satisfied an ancient Roman or 
Greek scholar, but they cannot meet the demands of a 
Christian civilization. We must complement them with 
the study of Christian ethics and Theology. These ex- 
tend our knowledge to the moral and spiritual nature of 
man, and to the divine character and government. They 
also form a most important means of cultivating those 
faculties which deal with moral problems. And it may 
well be asked whether the general lack of a philosophical 
understanding of Christian truth does not as much lie at 
the basis of the skepticism of to-day, as does a bad state 
of the heart. For these reasons, moral philosophy, and 
some departments of Theology ought to form a part of 
every liberal education. 

Thus the circle of knowledge becomes complete. It 
comprises nature, man and God, which correspond to the 
three great means of intellectual culture: Scientific, 
Humanistic and Theological studies. The sphere of scien- 
tific studies may then be thus defined. // is one of the 
three great meafis of intellectual culture, which together go 
toward the upbuilding of a symmetrical and efficient 
intellect. And this intellectual culture, together with 
moral and physical culture, goes toward the upbuilding 
of a symmetrical and efficient manhood. Such is the 
place of scientific studies in a complete education. 

Now let us consider the use of scientific studies, that is 
their direct and indirect effect, as one of the contributors 
to this grand result. 

1st. They cultivate the spirit of investigation. We 
need but examine for a moment the spirit which ani- 
mates the sciences of nature in order to perceive the 
truth of this. We find that they flourish best in an 
atmosphere of intellectual freedom. They must be free 
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from theological dogma while they strive to expose 
superstition and bring the mysterious within the domain 
of the known. They subject individual opinion to the 
ordeal of public criticism by offering the prize of a 
scientific reputation to the discoverer of truth. Their 
mission is simply to find and state the truth, and to this 
they know of no royal road but that which leads through 
original research, accurate observation, careful induction 
and lucid statement. 

2d. They acquaint us with iiatiiral laiv and with nature. 
The sciences of nature can never content themselves with 
the mere amassing of observations, excepting as these 
constitute the foundation of inductive science. Not the 
facts, but their significance constitutes science. That 
significance is always and everywhere law, and that law 
is as divine as the decalogue. The student of nature thus 
gets imbued with the truth that he lives in a world of 
law, moral as well as physical. But he also acquires a 
knowledge of the physical constitution of man and of 
the physical universe, which wonderfully enlarges and 
satisfies his mind. 

3d. They cultivate philosophical insight. For instance, 
let us take a common road-side plant. The unphilo- 
sophical observer notices it simply as a familiar object, 
perhaps he knows its name and adniires its beauty ; but 
to the botanist it reveals a world of thought, ist, he ob- 
serves its systematic position in the vegetable kingdom 
as an individual of a certain species, genus, family, order, 
etc. 2d. Considering its roots, stems, leaves and flowers, 
their various parts, forms, and positions, he discerns 
their mathematical and morphological relations, and his 
thought is thus led back to " the archetype to which all 
the modifications of the root, stem and leaf can be re- 
ferred,** that is, **to the original idea which presided at 
their construction." 3d. Looking at it physiologically 
and microscopically, he considers the universal biological, 
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chemical and physical laws, under the government of 
which the plant grows and multiplies ; and thus it is 
brought into connection not only with all life, animal as 
well as vegetable, but also with astronomical law. 4th. He 
considers it geographically, and is reminded of the causes 
which limit its vertical and horizontal distribution, sut:h 
as the climate, nature of the soil, position, and the action 
of animals or of men upon it. Lastly he considers the 
changes in its size, form and color which may be brought 
about by its environment. Thus this one common object 
acquires a philosophical significance almost universal. 
Let us take another instance. The intelligent traveller is 
impressed with the grandeur of the Norwegian Fjords ; he 
observes their number, their extent and their intricate 
and precipitous shores. This is to him an interesting 
series of facts but no more. Let a physical geographer 
observe the same phenomena and they assume at once 
the deepest and widest significance. In his eyes the 
Fjords are merely prolonged valleys, once the beds of 
glaciers, but now overflowed by the sea. He attributes 
the complicated, arborescent coast-line to sedimentation, 
metamorphism, upheaval and depression, followed by 
erosion and glaciation, that is, by the chemical and physi- 
cal action of water and ice upon the peculiar structure 
and mineralogical composition of the rocks ; and he tries 
to find the cause of these changes of surface and climate 
in the earth*s past and present cosmical relations. But he 
goes still further and considers the effect of the depth of 
the Fjord upon the character of its marine fauna, and the 
effect of the general features of the country upon its 
inhabitants, conditioning the character of their nourish- 
ment, employment, and, to a certain extent, influencing 
their mental and moral habits, and even coloring their 
national history. The Fjords are thus no longer an 
isolated phenomenon, bnt a link in an endless chain of 
cause and effect reaching through all time, space and 
matter, and even extending to the human mind itself A 
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person habituated to such courses of thought in regard 
to natural objects, soon applies them to other objects ; to 
questions in ethics, art and history, and thus learns to 
connect acts, arts and events, not only with all acts, arts 
and events, but also with the principles and ideas which 
deeply underlie them. 

4th. Scientific studies produce intellectual humility. 
Knowledge of the vast and intricate machinery of nature 
calls our attention to our own ignorance, and we become 
intellectually humble just in proportion to the amount 
of our knowledge. Scientific men, alas, are not always 
humble at heart, but I think you will agree with me that 
it would be difficult to find a scientific man of much 
experience, who is not child-like when he comes into the 
presence of nature. Indeed intellectual humility is an 
imperative condition of progress in natural science. This 
is so true that we can generally measure the degree of 
any one's attainment in science by the amount of this 
scholarly virtue which he possesses. 

5th. They teach method. This they do by means of 
their analyses, syntheses and classifications. A recent 
German monograph wjll serve as an example. The au- 
thor having obtained from public and private collections 
many specimens of fossil sponges, of the order Lithistidce, 
publishes the results of his investigations. After giving 
the literature and showing the present state of science on 
the subject, he proceeds to describe the new genera and 
species which he discovered. For this purpose he had a 
number of microscopic sections made, which, when ex- 
amined as transparent objects, and magnified 64 times, 
revealed not only the minute fibres aud spicules, but also 
their varied and complicated structure. Based upon a 
careful study of these, and of the complete specimens, he 
gives a precise description of each species and genus, its 
name, zoological, geological and geographical position. 
Accompanying each description is an engraving of the 
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complete sponge and of the microscopic section ; and, for 
purposes of comparison, engravings of the extant sponges 
of the same order are added. Having given a number of 
these minute analyses, he proceeds synthetically to make 
out a table of the genera and species, showing their suc- 
cession in time, their morphological and their presuma- 
ble genetic relations. Finally, he adds an analytical key 
in order to enable the student to ascertain the name and 
position of any specimen. Now no one can perform 
work of this kind, even on a small scale, without acquiring 
methodical habits of mind which will be invaluable in the 
study of almost any subject. And what is true of the 
methods of the paleozoologist, is equally true of those of 
the botanist, chemist or physicist. 

6th. They cultivate a scrupulous exactitude in observa- 
tion and comparison^ a careful weighing of probabilities and 
a reserve of judgment. Inasmuch as the advancement 
of inductive science depends upon the accurate observa- 
tion and comparison of phenomena, and upon the weigh- 
ing of probabilities with a view of forming a judgment of 
their general significance, these habits of mind are 
necessarily cultivated, and some of them probably extend 
their influence to the moral habits. 

7th. They chasten and strengthen the imagination. 
While scientific studies require for their successful pursuit 
the aid of imagination, they also exert a wholesome in- 
fluence upon that faculty and constantly recall it from its 
flights into the ideal back to the real. Sir David Brewster 
says of the imagination : " This faculty is of the greatest 
value in physical inquiries. If we use it as a guide and 
confide in its indications it will infallibly deceive us, but 
if we employ it as an auxiliary it will afford us the most 
invaluable aid. Its operation is like that of the light 
troops which are sent out to ascertain the strength and 
position of the enemy. When the struggle commences, 
their services terminate ; and it is by the solid phalanx of 



Their Place and Use in Education. 17 

the judgment that the battle must be fought and won." 
De la Chapelle, a French mathematician, and a member 
of the Royal Society, in a work on geometry published 
in 1765, speaking of the influence of mathematical studies 
on the invagination, says : " No man is born without a cer- 
tain amount of imagination. Art and study enlarge our 
faculties but do not give them to us. Among the different 
kinds of imaginations which nature has distributed to 
men and which interest us, there are three : the strong, 
the beautiful and the ordinary. In looking at nature we 
only perceive its exterior, while a strong imagination pen- 
etrates into its interior. It is present, if we may use 
the expression, at the working of the machinery, of which 
the weak imagination only sees the effects. A beautiful 
imagination can adorn an object with the divers beauties 
which nature has scattered here and there on the infinite 
multitude of her productions. Struck by the least dis- 
cord, she substitutes everything which tends to produce 
harmony, and removes or suppresses all that can impair 
it. As to the ordinary imaginations, they are lively with- 
out being warm. Inconstant, they emit but sparks whose 
light goes out at once. Such imaginations yield projects 
rather than products, and, as they are incapable of pro- 
duction, answer the purposes of imitation. What is the 
effect when education presents different objects to these 
different orders of minds ? Each imagination will seize 
that which corresponds most nearly to its nature, after 
having tried a little of everything which is not thus adapted 
to it. The ordinary imagination will alone be subjugated, 
and it will not be a great loss. Mathematical studies 
(and I may add that all this holds equally true of scientific 
studies) would certainly render good service to literature if 
they substituted a careful and exact judgment for a weak 
and sterile imagination. We fail, therefore, to see any 
danger in the pursuit of mathematical studies. They are 
the element of the strong imaginations and the grave of 
the weak ones. The beautiful ones can dispense with 
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them." This last statement of our author needs modifi- 
cation, for beautiful imaginations require the very culture 
which will tend to strengthen and deepen them ; and it 
it has been found that even those who devote themselves 
to the fine arts are benefited by the ^udy of a certain 
amount of natural science. 

There is a difference of opinion as to whether the 
ancient Greek sculptors studied anatomy. It is, however, 
certain that their works show a remarkable understanding 
of nature. An art critic once said that if anyone was to 
break off a toe from one of the Elgin marbles he would 
prove " the great consequences of vitality, as it acts 
externally, to exist in that toe.*' Jean Galbert Salvage in 
a work on " The Anatomy of the Fighting Gladiator," for 
the use of sculptors and painters, published in Paris in 1 8 1 2, 
says : " It is only when the scholar has by several degrees 
attained to drawing from the living model and copies it 
well that, by virtue of his success, he encounters obstacles 
till then unknown. The articulations, the muscles which 
cause them to act, the forms which they present on certain 
occasions and their depression at others bar his progress. 
Then he needs to study anatomy both in books and in 
nature. As soon as he does this his eyes are opened, his 
doubts vanish, his errors are corrected and his difficulties 
are almost overcome. In the delight which he experiences 
from his new acquirements he goes back to the antique ; 
there he admires the beauty of nature supported by a fine 
bony framework covered with great muscles. In studying 
the Hercules Farnese, the Laocoon, the Gladiator, the 
Apollo and the Venus de Medici he notices to his surprise 
that there has been a perfect rivalry between art and sci- 
ence in the production of these masterpieces." In another 
place the same author adds : ** The most gifted minds 
who, while trusting to the caprices of the imagination, 
disdain to consult nature, of which the antique is but a 
perfect imitation; and who refuse to study the beautiful 
forms, which anatomy shows in all their relations, will 
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soon be led astray. In vain will their most brilliant com- 
positions shine with rich accessories ; they will be defective 
as long as they are without that which constitutes senti- 
ment and truth in the imitative arts. But a noble genius 
enlightened by the torch of science and made fertile by 
meditation will never depart from the unvarying rules of 
the beautiful." >> 

Scientific and humanistic views of nature are well illus- 
trated by a German architect, J. Von Schmaedel, in an 
address delivered recently before the Industrial Art 
Union of Munich, on ** The Influence of Art and Indus- 
trial Art upon the Education of the Imagination." He 
says : " I give to my understanding and to my imagination 
the same object of thought in order that each may attach 
to it the train of thought which it suggests to it. For 
example, let us take a spring. In considering it the under- 
standing says : This spring is the outlet of a subterranean 
reservoir. Its composition is conditioned by the chemical 
composition of the earth with which the water has come 
in contact. Its volume depends upon certain mechanical 
and physical conditions, etc. In short, the course of 
thought, which the understanding attaches to this object, 
concerns merely those things which are absolutely com- 
prehensible, and which stand in immediate and logically 
demonstrable connection with the object itself. Now let 
us hand over the same object to the imagination, and it 
would suggest some such poem as that by Schwind, in 
which the spring is brought into connection with human 
joy and sorrow. How he leads us on in it to holy joy 
and delight and touches our heart strings." This extract 
shows very fitly that our minds need both kinds of culture 
if we would attain to intellectual symmetry. We must 
know trtith of nature as well as truth of man if we would 
maintain the equilibrium between the understanding and 
the imagination. But when we weigh these two methods 
of viewing nature, I think that, while we shall always 
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enjoy the artistic and poetic method, we shall in the end 
prefer the method of the naturalist, certainly as a founda- 
tion for thought, and say with Wordsworth : " To the 
solid ground of nature trusts the mind which builds for 
aye." But it is not meant by this that we are to let the din 
of nature's machinery silence the voice of poetry within us. 
I can testify from experience that a knowledge of geology 
adds immensely to the merely aesthetic enjoyment of 
mountain scenery. When we have studied a group of 
mountains physiographically, chemically, physically, zoo- 
logically and historically, we make them in a peculiar sense 
our intellectual possession, and enter into a depth of 
communion with nature and with the mind revealed in 
nature, which is as the nut to the shell, when compared to 
the satisfaction which we derive from subjecting the same 
objects to our imaginations, however highly cultivated. 
The value of some of Ruskin's writings is imperishable 
because they contain a certain amount of real knowledge 
of nature with artistic perception. The same spirit 
occurs also in Tennyson, of whom an eminent American 
chemist justly says : " The poet laureate of England has 
drawn a deeper inspiration from nature interpreted by 
science than any of his predecessors of the classical school." 

8th. Scientific studies cultivate aii accurate use of lan- 
guage. The accuracy of statement and the nicety of 
definition, which so largely constitute the value of scientific 
treatises, are most excellent correctives to the rhetorical 
habits which humanistic studies, superficially pursued, are 
very apt to form. De la Chapelle, in the preface to the 
same work on geometry, quoted before, remarks rather 
sarcastically: "If the style of this work has not been 
dictated by that magic art which can persuade without 
reasons I beg the reader to consider that nothing is 
allowed here but the eloquence of truth." It is unfor- 
tunate that this language cannot be extended to all works 
claiming a scientific character. But the general aim of 
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science certainly is, to cultivate what we may very appro- 
priately term tke eloquence of truth as contai7ied in facts ; 
and what, pray, is more significant than a fact, be it in 
nature, history or religious life ? She abhors the language 
of enthusiasm and seeks to embody solid matter in few 
words ; so that we are led to a literary result akin to that 
to which a thorough study of the classics would also lead 
us, which is — simplicity of style. 

Finally, this spirit of investigation, knoivledge of natural 
law a7id of nature, this philosophical insight, intellectual 
humility, method, exactitude in observation and comparison, 
this habit of carefully weighing probabilities, this reserve of 
judgment, chastened and strengthened imagination, and this 
accurate use of language are valuable in the first place, and 
chiefly, on account of their intrinsic excellence, and sec- 
ondly because they render their possessor a source of 
power and good influence. Our country needs such minds 
in all the public walks of life ; in the pulpit, in medicine, 
in the editorial chair, at the bar, in the legislative assem- 
bly, in commerce, agriculture, literature, education, and 
of course in all those professions and occupations which 
require technological preparation. Less dogmatism and 
more disposition to search and understand the real nature 
of things human and divine, would become some of our 
theologians. A more chastened rhetoric would add force 
to some of our popular sermons. A more disinterested 
love of medical science, more thoroughness in diagnosis 
and in treatment are needed in the medical profession. A 
profounder reverence for truth and a more ekact use of 
language would render our newspaper columns more 
instructive. Our legislators would be benefited by a 
deeper knowledge of the laws which govern finance and 
commerce and a greater desire to investigate fraud. The 
judgment of our merchants would be more sound. Our 
agriculturists would be more scientific and none the less 
practical. Our educators would deal more with vital 
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knowledge and better understand the minds and bodies 
committed to their care. Our railroads would be managed 
with greater security to human life. Our manufacturers 
would not waste so much capital in needless experiment. 
In short : souls, minds, bodies and property would be 
better cared for. 

To recapitulate, we have seen that physical, intellectual 
and moral culture constitute education in the true sense. 
We have seen that, in a complete and symmetrical intel- 
lectual education, the sciences ought to occupy a prominent 
place with the humanities and with Christian ethics and 
theology. As to their use : we have seen that, by the 
discipline and information which they impart, the sciences 
are not only calculated to produce a very high order of 
intellectual culture, but also to exert a beneficent influence 
upon every sphere of thought and action ; and it would 
not be easy to enumerate the vast consequences of special 
scientific study to civilization, both in the advancement 
of science and in the increase of wealth, and physical and 
social well-being. I hardly need mention here, in this 
latter connection, the work of Morse and Edison. 

Of course the legitimate results of such a broad education 
will not be reached, in the ordinary curriculum, unless 
full justice is done to the sciences by just as thoroughly 
preparing the student to undertake original scientific 
investigations, as he is now prepared, by early drill in the 
elements of classical learning, for the more philosophical 
study of ancient literature. This will not be accomplished 
by deferring the study of nature to the end of a college 
course, when, for lack of time, it must be pursued in a 
very superficial way. We must apply not literary but 
scientific methods to the study of the sciences in order to 
bring the student's mind in contact with nature herself. 
Instead of making scientific studies, as is the case in some 
of our institutions, merely optional, so that students with 
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literary aptitudes escape the scientific culture which they 
need ; these, as well as classical studies, ought to be made 
obligatory upon all. But it will not be difficult, having 
once accepted a sound philosophy of education, to find 
ways of putting it into practice. 

When these principles are put into practice, (and by^ 
that is to be understood all that has been claimed for 
physical, moral, scientific, humanistic and theological 
culture), we will be able to look forward to the educated 
men and women of the future with great expectations. 
For they will not only have every side of their nature 
developed to the highest point of efficiency and symme- 
try, not only will they be conversant with the whole circle 
of knowledge, but they will also be able to meet the actual 
needs of society ; because their education will have been 
based upon the whole nature of man, and upon that of 
the world in which he lives. And such an education will 
furnish them also with powerful incentives to go and do 
the work which the world has for them to do. 

PouGHKKKPSiE, N. Y., October 23d, 1878. 
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